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COMPARATIVE studies of snake populations in wide-ranging species may provide opportunities to identify and resolve differences in life-history tactics (Dunham et al., 1988; Parker and Plummer, 1987) . The racer, Coluber constrictor, has an extensive geographic distribution in North America (Conant and Collins, 1991), and its life history and ecology have been studied in Utah, Kansas, and Michigan (Brown and Parker, 1984; Fitch, 1963; Rosen, 1991) . Interesting geographic differences in population characteristics have been reported among these northern and western racer populations (Brown and Parker, 1976 Parker, , 1984 Rosen, 1991) . Studies of southern and southeastern populations are needed to augment this body of information (Rosen, 1991) .
Rather than being fixed characteristics of a species, activity and movement of individual snakes vary among populations, presumably reflecting differences in responses to local environments (Gibbons and Semlitsch, 1987; Gregory et al., 1987; Mace et al., 1984) . In this paper, we describe the spatial use of habitat by racers in a southeastern population and compare our results with those of studies from Utah and Kansas. Because comparison of snake movements among studies is laden with difficulties (Shine, 1987; Macartney et al., 1988), we compare studies only when methodologies similar to ours were used, and we adjust results according to sample size differences. Racers were collected in wire-mesh funnel traps set along a permanent aluminum drift fence surrounding Ellenton Bay. Racers were sexed and measured (SVL, mass). A temperature-sensitive radiotransmitter (Model CHP-2P, Telonics Inc., Mesa, Arizona) was implanted in each racer, following the procedures of Reinert or grassland shrubs) and, on about 25% of days, in habitats dominated by either grasses/Lespedeza or trees (Fig. 1A) . Active snakes were relocated above ground in trees or shrubs on about 35% of days, on the ground surface 40% of days, and underground in rodent burrows on about 25% of days (Fig. IB) .
MATERIALS AND METHODS

The study area centered on Field 3-412 and Ellenton Bay on the Department of Energy
On at least 70% of inactive days and on 19 occasions when snakes were inactive for >3 consecutive days, 17 (90%) were associated with snakes in ecdysis. On the remaining two occasions when snakes were inactive for >3 days, the snakes were strongly suspected to be in ecdysis based on their individual shedding histories and their behaviors. Snakes known to be in ecdysis most often took refuge underground in rodent burrows (n = 10) but also in trees (n = 2), on the ground surface (n = 1), or in com- binations of underground and surface or underground and above-ground locations (n = 4).
Compared to summer, snakes in the fall were less active (50%; X2 = 13.6, P < 0.01), spending more time underground in grassland habitats (Fig. 1) . Frequency of arboreality also declined in the fall (Fig. IB) . Frequency of arboreality by month was July 48%, Aug. 45%, Sept. 21%, and Oct. 10%.
Each snake was initially captured at the drift fence at Ellenton Bay. Subsequent relocations included portions of the bay in each snake's home range ( (Table 1) . Neither home range size nor movement per day was related to body size of snake (Table 2) . Movement decreased in fall (70 + 9 m/d; n = 39; t = 2.42, P < 0.01). Size of home range increased rapidly with the number of captures of active snakes up to about 25 relocations when an average of 80% of the maximum home range was traversed (Fig. 3) . At 35 relocations, home range size averaged 90% of an individual's maximum (Fig. 3) .
DISCUSSION
Frequency of daily activity of racers in South Carolina (72%) was similar to that of telemetered racers in Kansas (80%; Fitch and Shirer, Rosen (1991) . Relatively long-range migratory movements between summer ranges and winter hibernacula occurred in each of these northern populations (39-42*N latitude). Although not studied, it is unlikely that such migratory movements occur in the more southern South Carolina racers (33?N latitude) because of the mild winters and high local availability of rodent burrows for short-term brumal refuge (Gregory, 1982; Macartney et al., 1988) . We attempted to minimize bias resulting from different methodologies by comparing our data only with those from studies of racers in which home ranges were determined as minimum convex polygons using location data obtained by radiotelemetry. We found that home ranges in South Carolina racers were significantly greater than those of racers in both Kansas and Utah (Table 2 ; ANO-VA, F2,20 = 26.5, P < 0.001, Scheffe). Determining home range size depends heavily on assumptions of the particular home range estimation procedure used (White and Garrott, 1990). In squamates, for example, home range size determined by the minimum convex polygon method often is a function of sample size (Rose, 1982; Madsen, 1984; Secor, 1992) . Because home ranges of racers in Kansas and Utah were determined with fewer relocations than in our study, we used the relationship between number of relocations and relative home range size (Fig. 3) (Table  2 ; ANOVA, F2,20 = 31.0, P < 0.001, Scheffe). Movement in South Carolina racers was equivalent to that reported for Utah racers moving between hibernacula and summer ranges (100 m/d) which was more than three times their normal daily movement rates within home ranges (Brown and Parker, 1976). Our estimate of movement per day is conservative because it does not include the more extensive movements of males in the spring as they search for females, nor does it include reproductive females searching for nesting sites (Macartney et al., 1988; Plummer, 1990) . Our estimate also underestimates actual distance moved because we could not account for the actual path taken by racers between relocation points (as also is true of the earlier tracking studies). Actual distances moved by a closely related species, Masticophisflagellum, averaged 1.4 times the measured distances between relocation points (Secor, 1992 Our approach to comparing home range size and movement rate among populations suggests the existence of real biological differences, i.e., South Carolina racers move more than racers in Utah and in Kansas. These differences cannot be the result of different relative "observability" among habitats or different activity levels among populations because the comparable methods of radiotelemetry eliminate these observer biases (Shine, 1987). Why then, do these racers move as they do (Gibbons and Semlitsch, 1987)? Possible influences on movement rate include differences in body size (length, SVL; and proportion, body mass/SVL). Body mass/ SVL among males and nongravid females did not differ among populations (ANOVA, F2,18 = 0.22, P > 0.80). We found no significant relationship between SVL and either home range size or distance moved per day within populations (Table 2) or among populations (home range, r = 0.32, P > 0.10; movement r = 0.24, P > 0.27). Utah racers, with the smallest body sizes (SVL and body mass), had the smallest home range size and daily movement rate. South Carolina and Kansas racers had larger and similar body sizes (SVL and body mass) but differed significantly in home range size (t = 4.2, df = 12, P < 0.01) and in daily movement rate (t = 5.6, df = 12, P < 0.001). Relative trophic position of racers also could affect movements. Utah racers are insectivorous secondary consumers feeding primarily on locally abundant orthopterans (Brown and Parker, 1982; W. Brown, pers. comm.). Kansas racers also eat a large number of insects but also frequently eat vertebrates (Fitch, 1963) . In contrast, southeastern racers (Georgia, South Carolina) appear to be exclusively tertiary consumers feeding on a variety of vertebrate prey (Hamilton and Pollack, 1956; R. Seigel, pers. comm.; pers. obs.), which typically are more widely dispersed. It appears that Utah racers have physical (body size) and physiological (trophic) attributes that are related to a more sedentary way of life. The large difference in movements between Kansas and South Carolina racers also may be partially explained by trophic differences but not by body size differences.
The greater movement of South Carolina racers could possibly have involved a proximate temporal response to a deteriorating local environment. The initial capture of each racer was at the margin of Ellenton Bay. A continuous strong attraction for the bay was apparent because all snakes included the bay in their movements as evidenced from both recapture and telemetric data. Water level in the bay typically is highly variable (Gibbons, 1990) and is known to influence the diversity and abundance of semiaquatic turtle and snake species using the bay (Gibbons et al., 1983; R. Seigel and J. W. Gibbons, unpubl. data). After a severe drought in 1985-87, the bay was essentially dry when this study was conducted in 1989 (R. Seigel and J. W. Gibbons, unpubl. data). Thick herbaceous vegetation growing on soggy soils surrounded small pools of water on each side of the embankment and extended out to the bay's normal high-water margin. The long-term drought and dry bay with a resulting probable decrease in prey availability (e.g., frogs) may have stimulated more wide-ranging foraging than when the bay was at normal levels. In lizards, size of home range may be negatively related to abun-dance of food both naturally (Simon, 1975; Krekorian, 1976 ) and when manipulated experimentally (Simon, 1975) . Water levels in Ellenton Bay returned to normal levels in 1990 (R. Seigel and J. W. Gibbons, unpubl. data). A study of the movements of Coluber at Ellenton Bay during normal hydric conditions would be an interesting test of this hypothesis.
Neither the energetic cost of locomotion in Coluber (Walton et al., 1990 ) nor the cost of activity in the energy budgets of reptiles is trivial (Congdon et al., 1982) . The cost of locomotion is a major component of the activity budget in a closely related species, Masticophis flagellum (Secor, 1992) . Relatively greater movement is energetically more expensive among squamate species (Anderson and Karasov, 1981; Huey and Pianka, 1981; Secor, 1992). The greater movement of South Carolina racers compared to that reported in racers from Kansas and Utah suggests the possibility that geographic differences in other variables relating to energetics may exist (e.g., life-history traits). Although foraging is prominent among those snake activities that can be acted on by natural selection (Gibbons and Semlitsch, 1987), whether the movement differences documented here resulted from increased foraging and are genetically based is unknown.
